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(54) ADAPTIVE CONTROL METHOD FOR PROCESS 

(57)Abstract: 

PURPOSE: To provide a process adaptive control method capable 
of a control parameter for a control system even in the case of a 
controlled system which can not easily obtain a step response 
from the control system. 

CONSTITUTION: This process adaptive control method is 
constituted of a sequential system model identifying system 3 for 
identifying the sequential system model of a controlled system 1 , a 
control parameter adjusting system 4 for adjusting a control 
parameter by using the identified sequential system model and a 
control system 2 for controlling the controlled system 1 by using 
the adjusted control parameter. The system 3 input the I/O 
variable time sequence signal of the controlled system 1 and 
identifiers the sequential system model for inferring the value of 
the output variable of the system 1 by a neural network while 
using the running data of the system 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The adaptive control approach of the process characterized by for a neural network realizing the model 
of said controHed system in the approach of controlling a controlled system using the signal of the I/O variable of 
said controlled system so that a controlled variable may be made in agreement with desired value, and being 
adapted for property change of said controlled system using said model, and adjusting the control parameter of a 
control unit. 

[Claim 2] The adaptive control approach of a process of recording the performance data of said controlled system, 
using said performance data as data for study in claim 1, making said neural network learning by this, and 
identifying a model. 

[Claim 3] The adaptive control approach of a process of using the performance data from which said controlled 
system changes every moment as data for study in claim 1. making said neural network by this learning on online 
real time, and identifying a model. 

[Claim 4] The adaptive control approach of a process using the signal of the variable with which the load level of 
said controlled system is expressed as a signal of the I/O variable of said controlled system in claim 1. 
[Claim 5] The process adaptive control approach using [ on claim 1 and ] a time series signal as a signal of the I/O 
variable of said controlled system. 

[Claim 6] The adaptive control approach of a process of adjusting the control parameter of the feedback control 
system of a control device in claim 1 using the model realized by said neural network. 

[Claim 7] The adaptive control approach of a process of adjusting the control parameter of the feedforward control 
system of a control unit in claim 1 using the model realized by said neural network. 

[Claim 8] The adaptive control approach of a process of a neural network realizing the order system model which 
inputs the signal of the I/O variable of said controlled system, and outputs the estimate of the output variable of 
said controlled system in claim 1 , and adjusting the control parameter of a control unit using this model. 
[Claim 9] The adaptive control approach of a process of a neural network realizing the inverse-system model 
which inputs the signal of the output variable of said controlled system, and outputs the estimate of the input 
variable of said controlled system in claim 1, and adjusting the control parameter of a control unit using this model. 

[Claim 10] The adaptive control approach of a process of adjusting the control parameter of the feedback control 
system of a control device in claim 8 using the order system model realized by said neural network. 
[Claim 1 1] The adaptive control approach of a process of adjusting the control parameter of the feedforward 
control system of a control unit in claim 8 using the order system model realized by said neural network. 
[Claim 1 2] The adaptive control approach of a process of adjusting the control parameter of the feedforward 
control system of a control unit in claim 9 using the inverse-system model realized by said neural network. 
[Claim 1 3] The adaptive control approach of the process characterized by for a neural network realizing the model 
of said controlled system in the approach of controlling a controlled system using the signal of the I/O variable of 
said controlled system so that a controlled variable may be made in agreement with desired value, and being 
adapted for property change of said controlled system using this model, and controlling said controlled system. 
[Claim 14] The adaptive control approach of the process which controls said controlled system combining the 
model and control unit which were realized by said neural network in claim 13. 

[Claim 15] The adaptive control approach of the process which controls said controlled system combining this 
feedforward control system and control unit while a neural network realizes the inverse-system model which inputs 
the signal of the output variable of said controlled system, and outputs the estimate of the input variable of said 
controlled system in claim 14 and constituting a feedforward control system using this model. 
[Claim 16] The adaptive control approach of the process which controls said controlled system in claim 15 
combining the feedforward control system realized with the inverse-system model, and the feedback control 
system of a control device. 

[Claim 1 7] The adaptive control approach of the process which controls said controlled system by the feedforward 
control system and feedback control system of a control device when it becomes below the criteria as which 
controllability ability was determined, while controlling said controlled system in claim 1 5 combining the feedforward 
control system realized with the inverse-system model, and the feedback control system of a control device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the adaptive control approach of a process, especially, even when 
a process is a multi-input multi-output system, is adapted for the property of a process and relates to the 
adaptive control approach of a suitable process to hold the property of a control system good 
[0002] 

[Description of the Prior Art] When controlling a process by the control system, it is adapted for the property of a 
process and it necessary to adjust the control parameter of a control system. As the one approach, there is the 
adjustment approach indicated by "the auto tuning method for PID controllers adapting fuzzy reasoning" (the 13th 
time system symposium of the Society of Instrument and Control Engineers. '87-11). Below, the outline of this 
conventional adjustment approach is explained. 

[0003] DrawLng 2 shows the configuration of the conventional adjustment approach. 

[0004] From the response waveform of the controlled variable when carrying out step change of the desired value, 
this approach extracts characteristic quantity, such as the amount E of overshoot shown in dra wing 3 . a damping 
ratio D, and the period-of-vibration ratio R. and determines a control parameter by fuzzy reasoning based on such 
characteristic quantity. 

[0005] Fuzzy reasoning expresses the adjustment Ruhr of a qualitative expression as shown below in the fuzzy 
Ruhr, and determines a control parameter by the fuzzy operation from characteristic quantity using this fuzzy 
Ruhr. 

[0006] "If the amount E of overshoot and a damping ratio D are large, proportional gain Kp and the derivative time 
Td will be made small." 
(Example of the adjustment Ruhr) 
[0007] 

[Problem(s) to be Solved by the Invention] Adjustment is difficult when a difficult controlled system obtains the 
step response of a control system, since characteristic quantity, such as the amount E of overshoot, a damping 
ratio D, and the period-of-vibration ratio R, is extracted from the step response of a control system and fuzzy 
reasoning adjusts a control parameter with the above-mentioned conventional technique based on such 
characteristic quantity. 

[0008] Moreover, with the above-mentioned conventional technique, since it was aimed at the case where a 
controlled system is a 1 input 1 output system, when a controlled system was a multi-input multi-output system, 
there was a problem that adjustment of the control parameter of a control system was difficult. Adjustment was 
more difficult especially when interference between two or more controlled variables was a large controlled system. 

[0009] Furthermore, since it was aimed at the case where a controlled system is linear system, with the above- 
mentioned conventional technique, in the case of the system in which a controlled system has nonlinear system, 
i.e., a nonlinear characteristic, adjustment of the control parameter of a control system was difficult. 
[0010] Moreover, since the control parameter of a feedback control system is targetted with the above-mentioned 
conventional technique, in the case of the control parameter of a feedforward control system, adjustment is 
difficult 

[0011] The purpose of this invention has obtained the step response of a control system to offer the process 
adaptive control approach that the control parameter of a control system can be adjusted also by the difficult 
controlled system. 

[0012] Moreover, other purposes of this invention are to offer the process adaptive control approach that the 
control parameter of a control system can be adjusted also by the controlled system of a multi-input multi-output 
system, especially the controlled system with the large interference between two or more controlled variables. 
[0013] Furthermore, other purposes of this invention are to offer the process adaptive control approach that the 
control parameter of a control system can be adjusted also by the controlled system with a nonlinear 
characteristic. 

[0014] Moreover, other purposes of this invention are to offer the process adaptive control approach that the 

control parameter of a feedforward control system can be adjusted 

[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention identifies the order 
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system mode! of a controlled system by the neural network, and adjusted the control parameter of a feedback 
control system, or the control parameter of a feedforward control system using this order system model. 
[0016] Moreover, the inverse-system model of a controlled system is identified by the neural network, and the 
control parameter of a feedforward control system was adjusted using this inverse-system model. 
[0017] Furthermore, the inverse-system model of a controlled system is identified by the neural network, a 
feedforward control system is constituted using this inverse-system model, and the controlled system was 
controlled combining this feedforward control system and the feedback control system of a control system. 
[0018] 

[Function] Since use the time series signal of the output variable at the time of operation of a controlled system 
as teacher data for study, the neural network for order system-model identification of a controlled system is made 
to learn and the control parameter of a control system is adjusted using this order system model while using the 
time series signal of the input variable at the time of operation of a controlled system as the input data for study, 
obtaining the step response of a control system can adjust the control parameter of a control system also by the 
difficult controlled system. 

[0019] Moreover, since the neural network for order system— model identification can identify the controlled system 
of a multi-input multi-output system, or an order system model, it can adjust the control parameter of a control 
system also by the controlled system with the large interference between two or more controlled variables by 
adjusting the control parameter of a control system using this order system model. 

[0020] Furthermore, a neural network carries out nonlinear conversion of the input and has the function which 
outputs the result. Therefore, since this function is used, the neural network for order system-model identification 
can realize the non-linear regression model of a controlled system. Thereby, the control parameter of a control 
system can be adjusted also by the controlled system with a nonlinear characteristic. 

[0021] Moreover, since the time series signal of the input variable at the time of operation of a controlled system 
is used as teacher data for study and the neural network for inverse-system model identification of a controlled 
system is made to learn while using the time series signal of the output variable at the time of operation of a 
controlled system as the input data for study, the control parameter of a feedforward control system can be 
adjusted so that a controlled system may carry out a desirable response to desired value using this inverse- 
system model. 

[0022] Moreover, while using the time series signal of the output variable at the time of operation of a controlled 
system as the input data for study Since the time series signal of the input variable at the time of operation of a 
controlled system is used as teacher data for study and the neural network for inverse-system model identification 
of a controlled system is made to learn The feedforward control system to which a controlled system carries out a 
desirable response to desired value using this inverse-system model can be constituted. Since a controlled system 
is controlled combining this feedforward control system and the feedback control system of a control system, it is 
adapted for the property of a controlled system, and the property of a control system can be held good. 
[0023] 

[Example] One example of this invention is shown in draw ing 1 . 

[0024] This example consists of an order system-model identification system 3 which identifies the order system 
model of a controlled system 1, a control-parameter regulating system 4 which adjusts a control parameter using 
the identified order system model, and a control system 2 which controls a controlled system 1 using the adjusted 
control parameter. 

[0025] Hereafter, one example of this invention is explained for a steam— generated plant as a controlled system 1. 
[0026] Before starting detail explanation of the example of this invention, the outline of a steam -gene rated plant 
and a steam-generated plant control system is explained. Drawing 4 shows the configuration of the steam- 
generated plant possessing a high pressure turbine 417, and inside and a low pressure turbine 418. 
[0027] It is cooled by the condenser 420 and the exhaust air from inside and a low pressure turbine 418 is returned 
to water. This water becomes superheated steam through a feed pump 415, the furnace waterwall 410, a primary 
superheater 41 1 . and the secondary superheater 408 one by one. and is given to a high pressure turbine 41 7 
through a main steam control valve 416. Again, the exhaust air from a high pressure turbine 417 is reheated with 
the primary reheater 423 in a boiler 422, and the secondary reheater 409, and is given to inside and a low pressure 
turbine 418. Consequently, the rotation drive of the generator 419 is carried out by high pressure, inside, and the 
low pressure turbine 417,418. and a generation of electrical energy is performed. In addition, the spray control 
valve 413 is for supplying water to piping between primary and the secondary superheater 41 1,408 with a spray 
421. Moreover, supply of the dust coal to a boiler 422 is performed by a coal bunker 404, the stoker drive motor 
405. a stoker 406, and the coal mill 407. Furthermore, the forced-draft machine 401, the air preheater 402, the air 
fen 403, the induced draft fan 414, and the gas recirculating fan 412 are formed for reuse of supply of air. exhaust 
air of combustion gas. and waste heat. 

[0028] The steam-generated plant has the composition of having explained above, and is the load command LC 
from the central load dispatching office (it is called inside ** for short below). Based on the controlled variable of a 
steam-generated plant, a main steam control valve 41 6, a feed pump 41 5. the stoker drive motor 405, the forced- 
draft machine 401. the spray control valve 413, a gas recirculating fan 412, an induced draft fan 414. etc. must be 
operated suitably. For this reason, a steam-generated plant control system is required, and this example of the 
steam-generated plant control structure of a system is shown in drawing 5 . 

[0029] A steam-generated plant control system consists of a master controller 100 and a subloop controller 300. 
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and controls the steam-generated plant 400. It is the load demand LD by obtaining the load command LC from 
inside ** (= ELD+AFC) by the adder 101, and processing this by the rate-of-change limiter 102 by the master 
controller 100. It asks, this load demand LD the feedback control machines 1 10-116 of a controlled variable y — 
that is The generator output MW. the main steam pressure PMS. the primary-superheater outlet steam 
temperature TISH, exhaust gas 0202, the main steam temperature TMS, ********** TRH, amount of demand 
corrections deltaFMSD from the feedback control machines 110-116 of the furnace draft PWW, deltaFFWD. delta 
FFD, delta FAD, It is based on deltaFSPD, deltaFGRD. and deltaFGD. By the amendment circuits 109,103-108 with 
a feedforward control machine The turbine steamy flow rate demand FMSD. the water supply flow rate demand 
FFWD. the fuel-flow demand FFD, the air-flow-rate demand FAD. the spray flow rate demand FSPD. the recycling 
quantity-of-gas-flow demand FGRD. and the amount demand FGD of emission are determined. These relation is 
shown in a degree type. 
[0030] 
[Equation 1] 



MS □ 



\ 



+ AF 



MSO 



^ FWD - 9 FWD ( L D ) + FWD \, "dT" / ^ ^ F 



d L, 



PD V d t / 
V d t / 



^GRD— 9 GRD^ h 



+ AF 



+ AF 



SPD 



GRD 



+ AF 



GD 



-mi) 

[0031] Here, a gi( ):function hi( ):function and the subloop controller 300 operate the main steam control valve 416 
of the steam-generated plant 400, a feed pump 415, the stoker drive motor 405, the forced-draft machine 401, the 
spray control valve 413, a gas recirculating fan 412, and an Induced draft fan 414 through the turbine controller 
301, the water supply rate controller 302. the fuel-flow controller 303, the air rate controller 304, the spray rate 
controller 305, the recycling quantity-of-gas-flow controller 306, and the amount controller 307 of emission 
according to these demands. Consequently, it is controlled so that the controlled variable y MW of the steam- 
generated plant 400, i.e., a generator output, the main steam pressure PMS, the primary-superheater output steam 
temperature TISH. exhaust gas 0202. the main steam temperature TMS, the reheat steam temperature TRH. and 
the furnace draft PWW become the desired value of a wish. 

[0032] The order system-model identification system 3 Inputs the time series signal of the I/O variable of the 
steam-generated plant 1, and the order system model which presumes the value of the output variable of the 
steam-generated plant 1 is identified. This order system model is expressed with drawing 6 and a degree type. 
[0033] 
[Equation 2] 

c = F(z) -(laa) 

[0034] 

here — the estimate y (t) of value [ in this time t of the output variable y of Crthermal power plant 1 ] y (t) 
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Z: The time series signal of the I/O variable of the steam-generated plant 1 
F: Order system-model function (nonlinear transform function) 

Value [ in this time t of the output variable y of the steam-generated plant 1 ] y (t) is given for example, by the 
degree type. 
[0035] 
[Equation 3] 

y(t )= 



"y i(t )" 




~MW( t ) 


y2(t) 
















t ) 


ygCt) 




TMs(t) 


y6(t) 




"rpH(t) 


y-fit) 







[0036] 

Here MW (t) : Value PMS of the generator output in this time t (t) : value 02 of the primary-superheater outlet 
steam temperature in value TISH(t):this time t of the main steam pressure in this time t (t) : Exhaust gas 02 in this 
time t Value TMS of concentration (t) : Value TRH of the main steam temperature in this time t (t) : Value PWW of 
the reheat steam temperature in this time t (t) : The time series signal Z of the value of the furnace draft in this 
time t and the I/O variable of the steam -gene rated plant 1 is given for example, by the degree type. 
[0037] 
[Equation 4] 
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[0038] 
[Equation 5] 
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[0039] 
[Equation 6] 
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[0040] 

Here FMS :time (t-i) The value FFW of the main steam flow rate In (t-i) : The Value FF (tH) of the water supply 
flow rate In a time (t-i) (t-i) : Value FA of a fuel flow in a time (t-i) (t-i) Value FG (t-l) of the gas recycling flow 
rate in the value FGR(t-i): time (t-i) of the spray flow rate in the value FSP(t-i): time (t-i) of the air flow rate 
in :time (tH) The value L of the amount of emission in rtime (t-i) : Build order system-model function [ of a model / 
of a degree ] F (Z) by the multilayer (m layers) neural network shown in drawing 7 . 

[0041] The configuration of the unit which is the component of this neural network is shown in drawing 8 . 
[0042] The input/output relation of this unit is expressed with a degree type. 
[0043] 
[Equation 7] 

V ,(k)=f (U j(k)) "(Sft?) 

[0044] 
[Equation 8] 
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uj(k)=2 w. .(k-1. k)-Vj(k-l) 



[0045] 

Here, it is uj (k). : Total vj of an input to the j-th unit of the k-th layer (k) : The output wij (k-1 , k) of the j-th unit 
of the k-th layer: Weighting-factor [ of association to the j-th unit of the k-th layer of a ** (k-1) layer from the i- 
th unit ] f : Function which gives the input/output relation of each unit (I/O function) 

The first pass of a neural network is an input layer, and the output of the unit of the first pass serves as an input 
signal to a neural network. In the example of this invention, the input signal to a neural network is the time series 
signal Z of the I/O variable of the steam-generated plant 1, and the correspondence is expressed with a degree 
type from several 4. 
[0046] 
[Equation 9] 
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[0047] Moreover, the last layer (the example of this invention the m-th layer) of a neural network is an output 
layer, and the output of the unit of this layer serves as an output signal of a neural network. In the example of this 
invention, the output signal of a neural network is estimate y^ (t) and (=C) of value [ in this time t of the output 
variable y of the steam-generated plant 1 ] y (t). and the correspondence is expressed with a degree type from 
several 3. 
[0048] 

[Equation 10] 
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[0049] Change of the Input/output relation of a unit shown in several 7 and several 8 changes the property of 
nonlinear transform-function F (Z) shown in several 2 in connection with it. That is. change of the number of the 
layer of a neural network, the number of the unit of each class, the weighting factor wij (k-1, k) of each unit, and 
the function f that gives the input/output relation of each unit changes the property of nonlinear transform- 
function F (Z). Therefore, nonlinear transform-function F (Z) which suits the purpose can be built by adjusting the 
number of a layer, the number of the unit of each class, the weighting factor wij (k-1 , k) of each unit and the 
function f that gives the input/output relation of each unit. 

[0050] The order system-model identification system 3 identifies the order system model of a controlled system 1 
by study. Next, the algorithm of this study is explained. 

[0051] First, when the group (Z, C) of I/O is given as data for study, the square of the error shown in a degree 

type is defined as a loss function R. 

[0052] 

[Equation 1 1] 

R=-^2 { V j(m)(w, Z)-Cj}2 -(l&ll) 

j 

[0053] 

here — w : amount of corrections deltaw of the thing vj(m) (w, Z):input Z which summarized all the weighting 
factors of association of a neural network, and the output w of the j-th unit of the m-th layer (output layer) 
synthetically obtained from weighting-factor w — inclination (gradient) about w of a loss function R from — it asks 
and is expressed with a degree type. 
[0054] 

[Equation 12] 

Aw,, = K) •■•('Sl^) 

[0055] 

The amount epsilon of corrections of the weighting factor wij (k-1, k) of association here to the j-th unit of the k- 
th layer of a deltawij(k-1 . k):** (k-1) layer from the i-th unit : **R/**wij (k-1. k) of the right-hand side with 12 
forward constants can deform like a degree type. 
[0056] 

[Equation 13] 

aR a R d u.{k) 

awij(k-i, k)~au.(k) awij(k-i, k) -(®i3) 

[0057] A degree type will be drawn, if several 8 is substituted for several 13 and arranged. 
[0058] 

[Equation 14] 
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aw, ,(1-1. k) =lV;fk7-'"--^' 

[0059] **RA*uj(k) of the several 14 right-hand side is called for by the degree type at the time of k!=m. 
[0060] 

[Equation 15] 

dR dR 3u,(k + l) 8v.(k) 

dUj(k) ^du,(k + i) dv^ik) a u .(k) 

[0061] A degree type will be obtained, if several 7 and several 8 are substituted for several 1 5 and arranged. 
[0062] 

[Equation 16] 

-•(^16) 

[0063] Here, it is f1. : When it sets with derivative **R/**uj(k) =dj(k) of Function f which gives the Input/output 

relation of each unit, several 12 and several 16 are expressed with a degree type. 

[0064] 

[Equation 17] 

Awj j(k+l.k) = -e d.(k)-Vi(k-l) 

= -c V i(k- D-d j{k) --(Sfcl?) 

[0065] 

[Equation 18] 

d j ( k) = {2 d,(k+l)-Wj,(k,k + l)}. fi(v.(k)) 



= t2Wj ,(k,k + l)- d,(k + l)}. f i(u.(k)) 
I 



■mis) 



[0066] Moreover. **R/**uj(m) is called for by the degree type from several 1 1 at the time of k=m. 
[0067] 

[Equation 19] 

d V ; (m) 

d j ( m ) = { V j ( m ) - C . } . —^4— 
^ ^ d u j (m) 

= {Vj. {m)-Cj}- f i(Vj(m)) "'{^1 9) 

[0068] If several 17, several 18, and several 19 are used, correction of the weighting factor vij (k-1. k) of 
association will be recursively calculated toward k= 2 from k=m. Namely, ideal output Cj in an output layer It 
spreads by considering an error with the actual output uj (m), and (w, z) as an input, taking the sum which gave 
weight in the direction contrary to. propagation of a signal by wij (k. k-1) in the direction of an output layer to an 
input layer This is a back propagation error learning algorithm. 

[0069] The function f which gives the input/output relation of each unit shall be common about all units, and shall 

be expressed with a degree type. 

[0070] 

[Equation 20] 

'^"^= H.exp(-u + 9) ■■■m20) 

[0071] From several 20. it is obtained by the degree type. 
[0072] 

[Equation 21] 

fi (u)=f(u){l-f(u)} "{^2 I ) 

[0073] A degree type is drawn from several 7 and several 21. 
[0074] 
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[Equation 22] 

f a(u j(k))=Vj(k){l-Vj(k)) "{^2 2) 

[0075] In addition, in order to complete study quickly smoothly, several 1 7 is correctable like a degree type. 
[0076] 

[Equation 23] 

Awj j(k-l,k){r) = -£ Vj(k-l)(r)-dj(k)(T) 

+ aAWjj(k-l,k)(T-l) 

•■{1^2 3) 

[0077] 

Here, it Is an alpharforward constant (good also as alpha=T-epsilon). 

tau: Call the input data for study, a call, and an output C the teacher data for study for Input Z in the group (Z, C) 
of I/O of the data for count study of correction. Next, the acquisition approach of the data for study is explained in 
the example of this invention. 

[0078] The performance data of a controlled system 1, i.e., the time series data of the I/O variable of a controlled 
system 1 . is used for the group (Z. 0) of I/O of the data for study, for example, the time series data from this time 

t collected by sampling-period deltat to before M sampling — {(y (t). x (t)) — (y (t-1). x (t-1)) }(y (t-M). x (t-M)) 

(M>L) are memorized, and this data is used. Correspondence with these time series data and the group (Z. C) of 

the I/O for study is shown in a degree type. 

[0079] 

[Equation 24] 
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[0080] A neural network is made to learn with the back propagation error learning algorithm previously explained to 
the data for study of the above-mentioned Individual (M-L +1) using the group (Z. C) of I/O, and an order system 
mode! is identified. 

[0081] In addition, although the performance data which is a top and which carried out period inclusion was used as 
data for study, the performance data which changes every moment can also be used. It is better to use the 
performance data which changes every moment, when property change of a controlled system is quick, 
[0082] The control-parameter regulating system 4 adjusts the control parameter of the feedback control system of 
a control system 2 using the order system model of the controlled system 1 identified with the order system- 
model identification system 3. That is, as shown in drawin g 9 , the control parameter of a feedback control system 
is adjusted so that the model of combination and this combined control system may obtain a good control response 
for the order system model 41 of the controlled system 1 identified the model 42 of a control system 2. 
[0083] In the example of this invention, a controlled system 1 is a steam-generated plant, and a control system 2 
is a steam-generated plant control system. The control parameter of the feedback control system of a steam- 
generated plant control system is a control parameter of the feedback control machines 1 10-116 of drawing 5 . 
The feedback control machines 1 10-116 are expressed with a degree type. It is constituted by proportionality and 
an integrator, or proportionality, an integral, a differentiator, etc. 
[0084] 

[Equation 25] 

Gci(s)=Kp ( 1 +^p^) ••■(ia25) 
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[0085] 

here — transfer function Kp of GC1(s):proportionality and an integrator : Proportional gain Ti : The reset time s : 
The Laplacian operator [0086] 
[Equation 26] 

Gc2(s)=K^ A +_l_+T^s^ •..(ijf26) 



[0087] 

here — transfer function Td of GC2(s):proportionality, an integral, and a differentiator : The control parameter Kp 
of the derivative-time feedback control machines 110-1 16, i.e., proportional gain, the reset time Ti, and the 
derivative time Td It is adjusted so that the model of the control system shown in drawin g 9 may have the good 
control characteristic. For example, as shown in drawi ng 3 , it is adjusted so that the step response of the model of 
a control system may have the desirable amount of overshoot a damping ratio, and the rise time. 
[0088] Other examples of this invention are shown In drawin g 10 . 

[0089] This example consists of an inverse-system model identification system 5 which identifies the inverse- 
system model of a controlled system 1, a control-parameter regulating system 4 which adjusts a control parameter 
using the identified inverse-system model, and a control system 2 which controls a controlled system 1 using the 
adjusted control parameter. 

[0090] Hereafter, other examples of this invention are explained for a steam-generated plant as a controlled 
system 1 . In addition; the outline of a steam-generated plant and a steam-generated plant control system is as the 
example of drawing 1 having explained. 

[0091] The inverse-system model identification system 5 inputs the time series signal of the output variable of a 
controlled system 1, and the inverse-system model which presumes the time series signal of the input variable of a 
controlled system 1 is identified. This inverse-system model is expressed with drawingji and a degree type. 
[0092] 

[Equation 27] 

C, = Fi(Zi) -m27) 
[0093] 

It is here and is CI. : Estimate Z1 of the time series signal of the input variable of a controlled system 1 : Time 

series signal of the output variable of a controlled system 1 

F1 : Inverse-system model function (nonlinear transform function) 

Estimate CI of the time series signal of the input variable of a controlled system 1 It is expressed with a degree 

type. 

[0094] 

[Equation 28] 

C,=Cx t )x -^(t -1) X ^(t - L J]"' -(S[2 8) 

[0095] 

Here, it is the estimate LI of the control input of the controlled system 1 at the x"(t-l):(t-l) sampling time. : Degree 
T : Notation showing transposition 

Moreover, time series signal Z1 of the output variable of a controlled system 1 It is given by the degree type. 
[0096] 

[Equation 29] 

Z i=Cy( t )y(t - 1) y(t - L,)]^ -(ISZ 9) 

[0097] Here, the controMed-variable inverse-system model function F1 (Z1) at the y(t-l):(t-l) sampling time 
consists of multilayer neural networks (ml layer) shown in dr awin g 7 like the order system-model function F (Z1). 
Moreover, the unit of a configuration of that the unit which is the component of this neural network as well as 
order system-model function F (Z) is shown in drawin g 8 is used. 

[0098] As stated previously, the first pass of a neural network is an input layer, and the output of the unit of the 
first pass serves as an input signal to a neural network, the example of this invention — the input signal to the 
neural network for inverse-system model identification — time series signal Z1 of the output variable of a 
controlled system 1 it is — the correspondence is shown in a degree type. 
:0099] 

[Equation 30] 



( 1 ) 



1 ) 



VlL+l( 1 ) 



y ( t ) 

y ( t - 1 ) 



y ( t - 
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[0100] Moreover, the last layer (the example of this invention the ml layer) of a neural network is an output layer, 
and the output of the unit of this layer serves as an output signal of a neural network, the example of this 
invention — the output signal of a neural network — estimate C1 of the time series signal of the input variable of 
a controlled system 1 it is — the correspondence is shown in a degree type. 
[0101] 

Equation 31] 



V 



V 



(m^ ) 



VI L+i ( m , ) 



X ( t ) 

X ^ ( t - 1 ) 



( t - ) 



1) 



[0102] Change of the input/output relation of a unit shown in several 7 and several 8 changes the inverse-system 
model function F1 (Z1) shown in several 27 in connection with it. That is, change of the function f which gives the 
number of the layer of a neural network, the number of the unit of each class, the weighting factor wij (k-1, k) of 
each unit, and the I/O function of each unit changes the inverse-system model function F1 (Z1). Therefore, the 
inverse-system model function Fl (Z1) which suits the purpose can be built by adjusting the function f which gives 
the number of a layer, the number of the unit of each class, the weighting factor wij (k-1. k) of each unit, and the 
I/O function of each unit. 

[0103] The inverse-system mode! identification system 5 builds the inverse-system model function Fl (Z1) by 
study, and identifies the inverse -system model of a controlled system 1. That is, when the group (Z1, CI) of I/O is 
given as data for study, like identification of an order system model, the weight wij (k. k-1) of each unit is 
corrected with a back propagation error learning algorithm, and the inverse-system model function Fl (Zl) is built. 
[0104] It sets in the group (Zl. CI) of I/O of the data for study, and is an input Zl. The input data for study, a call, 
and output CI It is called the teacher data for study. In the example of this invention, the performance data of a 
controlled system 1 is used as data for study, and an inverse-system model is identified. In this case, the time 
series signal of the output variable (controlled variable) of a controlled system 1 is used as input data for study, 
and the time series signal of the input variable (control input) of a controlled system 1 is used as teacher data for 
study. The group (Zl. CI) of I/O of these data for study can also use the performance data which changes every 
moment. Moreover, a certain performance data which carried out period inclusion can also be used. It is better to 
use the performance data which changes every moment, when property change of a controlled system is quick. 
[0105] The control-parameter regulating system 4 adjusts the control parameter of the feedforward control 
system of a control system 2 using the inverse-system model of the controlled system 1 identified with the 
inverse-system model identification system 5. That is. the control parameter of a feedforward control system is 
adjusted so that It may be In agreement with the property of a reference model that the response characteristic of 
the feed Ford control system of a control system 2 and the control system which combined the controlled system 
1 has a desirable response characteristic. In addition, as a reference model, that for which it asked by simulation 
etc. beforehand can be used. Next, this is explained. 

[0106] The controlled variable Z2 of a controlled system 1. i.e.. the time series signal of the desired value r of an 

output variable, It is given by the degree type. 

[0107] 

[Equation 32] 



Z2=C r ( t ) r ( t - 1 ) r ( t 



[0108] 

[Equation 33] 

r( r- I )=[ r^Ct - r) r^C t - I )■ 



■(383 2) 



■(SC33) 



[0109] Here, it is the time series signal Z2 of this desired value r the number of n:controlIed variables. It is the 
output variable yM of a reference model by inputting into a reference model. Time series signal Z2 It is given by 
the degree type. 
[0110] 

[Equation 34] 

Z3 = CyM(t )yM(t - I ) y^(t-Lj)]"^ 



■{SI34) 



[0111] 

[Equation 35] 



M2 



(t - I )• 



Mn 



(t- I )]^ 



•(»3 5) 
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[01 1 2] Output variable yM of this reference model Time series signal Z3 The control parameter of a feedforward 
control system is adjusted using the inverse-system model of the identified controlled system 1. Namely, output 
variable yM of the reference model which is the desirable response to the time series signal Z2 of desired value r 
Time series signal Z3 Input variable xd which should be inputted into a controlled system 1 if it inputs into the 
Inverse-system model of the identified controlled system 1 Time series signal C3 It is obtained by the degree type. 

[0113] 

[Equation 36] 

C3=Fi(Z3) -(^36) 

[0114] 

[Equation 37] 

C3=cx,(t )x^(t « 1) x,( t - L^)]"^ -msi) 

[0115] 

[Equation 38] 

x^(t- l)=[x,,{t- I )x,2(t-l) x.Jt-L^)^ 

[01 16] C3 : Output variable yM of the reference model which is a desirable response Time series signal Z3 Time 
series signal of the input variable x which should be inputted into a controlled system 1 in order to obtain 
Input variable xd which should be inputted into this controlled system 1 Time series signal 03 Time series signal 
04 of the output of the feedforward control system of the control system 2 shown in a degree type The control 
parameter of a feedforward control system is adjusted so that it may be in agreement. 
[0117] 

[Equation 39] 

C4=Cx,( t )x,{ t - 1) x,( t -L^)y -(as 9) 

[0118] 

[Equation 40] 

x^{ t - I ) = [x^j( t - 1 )x,2( t - 1) x,„(t - L^)]"^ 

•••(IBl4 O) 

[01 19] here — the output of a xfirfeedforward control system — the controlled variable of a controlled system 1, 
i.e., the time series signal of an output variable, can carry out a desirable response to the time series signal of 
desired value r by this. The concrete approach is explained below. 

[0120] In a steam-generated plant control system, as explained previously, the demand FMSD of each control input 
of a steam-generated plant, i.e., a turbine steamy flow rate demand, the water supply flow rate demand FFWD, the 
fuel-flow demand FFD, the air-flow-rate demand FAD, the spray flow rate demand FSPD. the recycling quantity- 
of-gas-flow demand FGRD. and the amount demand FGD of emission are called for with the relation shown in 
several 1. Among these, the demand of each control input determined by the feedforward control system is a part 
shown in a degree type. 
[0121] 

[Equation 41] 
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(f^FD)FF=gFD<'-D)+^^FD 



(f^SPD^FF — 9sPD<'-D)+h 



('^GRD)FF=9GRD<l-D)+h 



ff^GD^FF — SgD^L-D^+^^GD 

[0122] Time series signal C4 of the output of the feedforward control system of the control system 2 described 
previously In a steam-generated plant control system, it corresponds to the time series signal of the demand of 
each control input shown in several 41. Moreover, input variable xd which should be inputted into a controlled 
system 1 Time series signal C3 It corresponds to the time series signal of each control input which should be 
inputted into a steam-generated plant. Therefore, in a steam-generated plant control system. Function gi (x) and hi 
(x) will be adjusted to the time series signal of each control input which should be inputted into a steam-generated 
plant so that the time series signal of the demand of each control input shown in several 41 may be in agreement 
as much as possible. Thereby, adjustment of the feedforward control system of a steam-generated plant control 
system is attained. 

[0123] Other examples of this invention are shown in drawin g 12 . 

[0124] This example consists of control systems 2 which control a controlled system 1 in harmony with the 
inverse-system model identification system 5 which identifies the inverse-system model of a controlled system 1 , 
the inverse-system application feedforward control system 6 which calculates the amount of feedforward control 
using the identified inverse-system model, and the inverse-system application feedforward control system 6. 
[0125] Hereafter, other examples of this invention are explained for a steam-generated plant as a controlled 
system 1 . In addition, the outline of a steam-generated plant and a steam-generated plant control system is as the 
example of drawing 1 having explained. 

[0126] The inverse-system model identification system 5 Identifies the inverse-system model of a controlled 
system 1 like the example shown in drawing 11 . Moreover, the inverse-system application feedforward control 
system 6 calculates the amount of feedforward control using the inverse-system model of the controlled system 1 
identified with the inverse-system model identification system 5. That is, the amount of feedforward control is 
calculated so that it may be in agreement with the property of a reference model that the response characteristic 
when inputting the amount of feedforward control into a controlled system 1 has a desirable response 
characteristic. For this reason, the time series signal of the output variable of the reference model which is the 
desirable response to the time series signal of desired value r is searched for like the example of d rawing 1 1 , and 
the time series signal of the input variable which should input into the inverse-system model of the controlled 
system 1 which identified the time series signal of the output variable of this reference model, and should be 
inputted into a controlled system 1 is searched for. In addition, the thing same as a reference model as the 
example shown in drawing 11 is used. It outputs to a control system 2 by making into the amount of feedforward 
control the time series signal of the input variable which should be inputted into this controlled system 1. In the 
case of a steam-generated plant, the amount of feedforward control is the demand of each control input 
corresponding to several 41. A control system 2 incorporates this amount of feedforward control, and calculates 
the control input of a controlled system 1 combining this and the amount of feedback control calculated by the 
feedback control system. In the case of a steam-generated plant, a control input is the demand of each control 
input corresponding to several 1 . 
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[0127] In addition, the stability of a plant control system is considered, and if it becomes beyond a standard value 
with fluctuation of the controlled variable of a controlled system 1, you may make it a control system 2 calculate 
the control input of a controlled system 1 combining the amount of feedforward control calculated by the 
feedforward control system in a control system 2, and the amount of feedback control calculated by the feedback 
control system. At this time, the amount of feedforward control calculated with the inverse-system application 
feedforward control system 6 is made into an invalid. 

[0128] Although the control parameter of the feedback control system of a control system 2 was adjusted using 
the order system model of the controlled system 1 identified with the order system-model identification system 3. 
the control parameter of the feedforward control system of a control system 2 is also doubled, and you may make 
it adjust the example of this invention shown in drawi^^^^ . 

[0129] Although that for which it asked in simulation etc. beforehand was used as a reference model in draw ing 10 
and drawin g 1 2 , it may be made to consider the desired value itself as the output of a reference model. Moreover, 
it may be made to consider what calculated dead-^ime delay to desired value as the output of a reference model. 
Moreover, it may be made to consider what performed 1 pass filtering to desired value 1 2 as the output of a 
reference model. 
[0130] 

[Effect of the Invention] Since according to this invention use the time series signal of the output variable at the 
time of operation of a controlled system as teacher data for study, the neural network for order system-model 
identification of a controlled system is made to learn and the control parameter of a control system is adjusted 
using this order system model while using the time series signal of the input variable at the time of operation of a 
controlled system as the input data for study, obtaining the step response of a control system can adjust the 
control parameter of a control system also by the difficult controlled system. 

[0131] In addition, since the neural network for order system-model identification can identify the controlled 
system of a multi-input multi-output system, or an order system model, it can adjust the control parameter of a 
control system also by the controlled system with the large interference between two or more controlled variables 
by adjusting the control parameter of a control system using this order system model. 

[01 32] Furthermore, since a neural network carries out nonlinear conversion of the input, and has the function 
which outputs that result and this function is used, the neural network for order system-model identification can 
realize the non-linear regression model of a controlled system, and can adjust the control parameter of a control 
system also by the controlled system with a nonlinear characteristic. 

[0133] Moreover, since the time series signal of the input variable at the time of operation of a controlled system 
is used as teacher data for study and the neural network for inverse-system mode! identification of a controlled 
system is made to learn while using the time series signal of the output variable at the time of operation of a 
controlled system as the input data for study, the control parameter of a feedforward control system can be 
adjusted so that a controlled system may carry out a desirable response to desired value using this inverse- 
system model. 

[0134] Moreover, while using the time series signal of the output variable at the time of operation of a controlled 
system as the input data for study Since the time series signal of the input variable at the time of operation of a 
controlled system is used as teacher data for study and the neural network for inverse-system model identification 
of a controlled system is made to learn The feedforward control system to which a controlled system carries out a 
desirable response to desired value using this inverse-system model can be constituted. Since a controlled system 
is controlled combining this feedforward control system and the feedback control system of a control system, it is 
adapted for the property of a controlled system, and the property of a control system can be held good. 



[Translation done.] 
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nz^:^-^ i&HSf -5 y n -fe X <7)]li«?®ffli:^?£c 
T, ^ll3£®CDy>f-H • /^'•y>i^$lI1SP^<^^^|/'?^;<- 
•y V^ — ^\Z^r^%^\.fz.m'yX'rh. • ^t^JW^^V^ 
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^^yV^-^Xz^ry^^Xy. :L(ry=^=r)\^^m^^xm^U 

y>f-H - nv^um^.-^^-^^xmrnmn^-^vm 

f ^ y D ir X <7)MJi£:^IIii;^?i- 

y^-H • nv ^UM^'^^^'^x^muM^ik^'mm 

• A>y^^^^^JC<fcDf^ie^'^^^<£:$3Wr^y'n-fe;^ 
[0 0 0 1] 

^u±:^<D^mzmjtsLx. mmj^(D^^^Amz 
^^T^\z^mu':^a±x<Dmjt^mn-^m\zmr^o 

[0 0 0 2] 

^-^^ ^a±:x<D^mzm}t-Lxmmi^x9'A<Dmm/'^ 
- h^zi-- - >^:^xC:j (ti-aiai^M^i^^^ 1 3 lEiv' 

X^A • v->:J?i^c:7A. '87-1 l){ClH«$nTVi^ 

[0 0 0 3] m2\t. ^ij^^cDmmyjmom^^^'r. 
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[0 0 0 5] '7yiU^Wi\±. ^oU'^m^'^ 
CO 0 0 7} 

[0 0 0 8] ^fz. ±iB^^3f5S^Tti. mmii^m^ix 

[0 0 0 9] ^\z. ±iat3^^s^^Tf^, MmMmmm 
^x$>^^^^M^\zi.xi^^(Dx. mmM^t)mmm 

[0 0 10] ^fzL. Jii2^5fcS$gT}l, :7^-HA-^y^ 

mW^(DUm/'^^:^ — :$^^9:imz{^X^^^(DX. y^ — 

[0 0 11] :$:^HJ(D@Wfl. iM^^CDX^^y 7^^^^ 

^ s :/n -ir ;^ jiiio:^^::?; ^ $r^^r ^ c i tc 

[0 0 12] ^tz. i^^^^(D^<j^^mt. ^xti^mti 
^(DumMm. mzmsc<DmnM^']<D=Fmf)^i^^^^mm 

[0 0 13] ii\z. i^mm<Dm<D^mt,. ^mm^^^ 

y'a±:7.m^mm:^m^m^r^ z,^i\z^^. 40 
[0 0 14] ^tz. *:§^i^otocD@Mfi. y>(-\^yzt 

^^Mm:^m^^m'^zi^\zi&^. 
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[0 0 16] ^tz. Um'\^(Omi^y.^K • ^'f)V^=^ 
:x-^>IU • :^'y hy~-^IC<^Of^jeb, CC0Mi>X7^A 

• ^T^^us-^viT, y^ — \^yi!ry-\^mm^^(DUm/^ 
3 /s--^^wmt^^o\z\^rz. 

[0 0 17] M^^^Oj^v-X^^A • ^t';!/^- 

• ^7';i'^^v^T. y^-Y-y-^^'y—Yum^^m^^ 
^o\zvrz. 

[0 0 18] 

[0 0 19] ^tz. |g'>X7^A • ^5=';Hl^;fir:a.— 5 
;U • ;^'y ^A;^#ai:/J^(^^'^^^-Ct>> 

t. \z^Y)m.^<Dmmmm<D=^wt^:k^^mmnm.x'hm 
[0 0 2 0] ^\z. -o.-^;!^ • ^vV'y—^\t,. xij 

[0 0 2 1] ^rz. mmn^<7:>m^m<Dmti^^<Dm^ 
^m<DX:h^sa<Dm^^m^^^^mnmy'-^ ^ i^x 

^y')\^^m^^xmmM^f}mmm\znvxm^i.^^j!^^ 

^T^^oizy^-}^ ' y^y—\^mm^<Dmw^'y:^ 

[0 0 2 2] ^fz. mmM^o:>m^m<Dmt3m!k(omm 

mm^'^'T-wmxtsf''-9t-r^tmz. mms^i^om 
^m(Dxti^^<Dm^^im^^^^m^my^-^ t 

;W • h^-^^^^^-araOT, Z<Dmi-X^A - 

^y')u^m^^xmmMm:^^Eimm\znLxm^L\.^it-^ 
^r^y^-\'y^y-\'mmm^m0!ix^. ccny^c 

y ■^mmm^WL'^i^xmms^n^um^^(Dx. mms^ 
fk(D^mzmjt-\^xmwm<o^i^.^&:mz^i^x^^. 



—89— 




(4) 

5 
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mmm] :^^m(D-mmm^m i (c^-r, 

[0 0 2 4] :^mmm\t. *M^^i(ojisi/X7^A - ^ 

[0 0 2 5] ^T, mmM^ltLTiKti:/y>h^M 

TU^H^f^o mA\t. J^BE;$^-f>4 1 ims^'^ 

[0 0 2 7] ^ ' i£J5^-lf>4 1 Sf)^^(Dmm:ii. S 
7^<:^4 2 0 {zJ:-3T?^^$n. TKld^^n^. z.(DA<i 
\t. ^7KjJ^>:/4 1 5, ikipT^m^ 1 0, -:;:^3Mia§i4 

1 1. -^^Lm^A 0 s^m-Amrmmmmzr^r). ^ 
m^mm^4 i e^^uTi^jaEr^^— 1:>4 i 7tc^^6 20 
n^, ^^JBE^s^-t:>4 1 7;e)^^cD^^fi, nzs. 4^^^ 
4 2 2[^co-:;iJ:a«S4 2 3, r:*M,^^4 0 9Ta3^ 
4^ • ^J3E^-t:>4 1 8 lC-^A.^n^o dOJiS 
il:. ^m^4 1 9 30t]^JE • 4' • ^gfiE^' — ti>4 1 7, 4 

xyumm^4 1 3\t. x>^V4 2 

3^.^§|4 1 1,4 0 8FB^cOSE^iCl&7K-r^fc5?)Ot)(7)T 
S^o ^< 7 4 2 2 -vc^mi5&^co#^j^li, 

>;^4 0 4. 0 5, mmm4o%R 

zj^^^^)U4 0 7\z^DrTrj:t:>n^. ^^\z. n^i^^m 30 

m^4 0 1, ^mrrm^4 0 2, ^m:77>4 0 3,^ 
5[MJa^4 I 4 2^a::tfxM^^yr >4 1 2«, ^^<d 
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4 0 5, if5^.jimS64 0 1, X:/l/^11|l#4 1 3, :tfx 

nmmy7>4 1 2, Bi?iii®^4 1 47i<2f^M^{c^ 

[0 0 2 9] ^:t?:/^>h^l^v^X^Ati, VXr^ • 3 
>I-n — ^ 1 0 0 ^'^y)V—zf' 3> hn— ^3 0 OA^ 
iKti':r^iy\^4 0 o^um^^o vx:$^-n> 
hn-^1 0 OX\t.. 4'j^^^e>coA^^Jg^Lc (=EL 

D+AFC) T&t^Dg^i 0 iiccfc>9^^e»n,' ein^^^ 

^^f^^l 0 2lcJ:-^rMMT^c:i:fCj;0, ft^xs^ 
y<7)>'^-H • n>y!7Mm^ \ 10-116. mt) 

^mmmtiuw, ^m^ijp^s, ^:^Mmmiha 

^1 1 O--! 1 6y5^^>0-7^-7>H»jESAFMSp, AF 
FTD, AFfd, AFad, AFspd, AFcio, AFcof^S 

0 3 1 0 8 (c J: ^-}:i>mm.mm^'^>y' 
F«sD . i^7K5^em5^-7>HFFfD . ^nmmj'^y'i^F 

FD. ^^^fi^^V > H Fad. X yV$^S5^'T > H 

FsfD . II^^^Xffil:5^T>HFGiD , S^:;!fX$Sl:7^ 
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FWD 
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^SPD- 9 SPD^ '-o)+ h J H-AFgpj 
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3 0 2, ^Jisf oSM^M^ii 3 0 3. ^m^mmmmms o j^? 
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0 6, iff:^7.d^S^^^3 0 7^:ft-bT, iA::fj:/^>h 

4 0 0(O^^^iniM#4 1 6, l&7K:^}^>y4 15,^^ 
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^4 13. iS7.mmmy7>^i2. m^mmm4i4 
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ysCt) 




ye^ t ) 
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CICT. MW (t) :mjmM.t'r^<D^mM^ti<Dm. 

Pms (t) : i^^^tT<D^^rvE£;^c7)M 
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m 

02 (t) : ^^.^ tTC0^;^fXO2 ^^cDfl 
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t - i 



t - i 



y4{ t - i 
y 5( t - i 
y6< t - i 
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Fft ( t - i) 

Ff (t - i) 
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Fsf (t- i) 
Fez ( t - i ) 
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^.•^^ ( t - i) TCO^^Sf^gCOM 
( t - i ) -CCTD^^c^igCDM 
( t - 1 ) TCDX:/U<^S<^® 
m.^. ( t - i ) T<7)::^^:;^M^^55Sco 
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V j(k)=f (u -(k)) 



[0 0 4 2] Z.<Dn,-y\-(DX\^f}mm-^. '^^-V^iD 
[0 0 4 3] 

• -(iK7) 
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1) 
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7 U-4- 7 l_ 
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-sd > 
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y a 

y 3 
y 4 
y s 
y 6 
y 7 
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y 2 
y 3 
y 4 
y 5 
y s 
y 7( 
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Xz 

X 3 
>^ 5 



[0 0 4 6] 
^10 1^9] 
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t - 1 > t - 1 ) 
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L) 
L) 
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1 ) 
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U) 
L) 
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L) 
L.) 
- L) 



,( t - X > 



MW( t — L. ) 



MS 



( t - L) 



WW 



( t - U) 
t - 1 ) 
X t - 1) 



I=p( t - 1) 

t - 1> 
1= 3P ( t - 1 ) 

FqrC t - 1 ) 
F=Gi( t - 1 ) 



F W 



( t — L.) 
F pC t - U) 

F sp< t - L) 

F -( t — 



[0 0 4 7] ^fc. =lu.-^Jl" ^yhu-^(D^mm 



•••(SI9 ) 

mmM.t'x^o^my (t) <D^mm.y' (t) (=0 t 

[0 0 4 8] 
[IScl 0] 
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V y(m) 
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©^(t) 

T„s(t) 
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(t ) 
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•••(lai 0) 

[0 0 4 9] ^2\Z7r^r%^M^m.^mW:¥ (Z) COil^ii *«^T^^o 
^3:, IS:7, ^Str^TrL-^y ht?^^^:^^^?^^^^^:^-^ CO 0 5 0] JUv-T^t^A • ^7';l'|WI^'>X5^A 3 tl, ^ 

h<K>m^^^^i^ (k-1, k) , hcDAm:^ 

n-yhcoiSI^. h(7)S^^^Wi I (k-l, 

^z.t.\z^r^^mzm'^r^^mM^m^WiT (z) ^* 

R=^2 { V j(m)(w, Z)-Cj} 



CO 0 5 1] 9tr. ^mm^-^ tL\^xK\hti<Dm. 

(Z, C) ^^-^^^nfc^:#, :^^\Z7^'rWM(D-^^ 
[0 0 5 2] 

[»1 1] 

-(SSI 1) 



CO 0 5 3] 

^ <7:)j^'g'(;:)S;^^i5[ ^-r-^T^ <h i?) re CO 

V, (m) (w. Z) : A;^Z i:M^^|g:w7&^^;^'&^:)iC 

a R 



Aw-.(k-l, k) = - 



awj.(k^i, k) 



^w(7)^^iESAw{l. m^m^K<Dv^\Z'D^^'X<D^^ (gr 
adient) ;6^e*d6^n, ^^^^*:>3ns, 
CO 0 5 4] 
mi 2] 

-(SSI 2) 



CO 0 5 5] -k^l 2(D^m(DdRXd^M (k-1. k)«, ;ife^<7) 

CC1T% Awii (k-1. k) :^ (k-1) jlCD^i 40 J: ^ tCSS^T^-So 

:xr:v/ hd^6^kg<^m j a.- v h^<^J^'&a)S^^|gc CO 0.5 6] 

wu (k-1, k) CDglEl: ClficlS] 

d R d R 



a w. j(k- 1, k) 



a u^(k) a Wj j(k- 1 

CO 0 5 7] ^8 ^rl&l 3tCftALrSlirS<h, CO 0 5 8] 

C^14] 



k) 



•(»1 3) 
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v,(k-l) -(Scl4) 



a w; j(k- 1, k) a u j(k) * 

[0 0 5 9] k=!«=mc7>i:^, ^\ A:(Dl^m<D d R/ d u * [0 0 6 0] 
(k) \t. ^^CfCct 0:^86 ^n^>. * [g:15] 

aR _ aR au,(k + i) 3v.(k) 



= V ■ •••fS* 1 5 ^ 



au^(k) Y3u,(k+i) av^(k) auj(k) 

[0061] gcS^I&l S\Z^Xi.Xmmrr^ ^ [O O 6 2] 

<i:, ^^^^T&^^enSo ^iC? [iScl6] 



■{^Stl 6) 



[0 0 6 3] CCT, fi : ^rr--/ h(;)Atii;^^^^ ★tl> il^^TS^bStX^. 

^-x^^Wii <r>mm^ [0 0 6 4] 

5 R/^ uj (k) = di (k)i:i5< i:. |& 1 2 . 1^ 1 6 ★ [1^17] 
Awjj(k + l,k) = -Ed.(k)-v-, (k-l) 

= -£ V i ( k- 1)- d j (k) 7) 

[0 0 6 5] [I&18] 

d j(k) = {2 d,(k+l)-Wj,(k,k + l)}.fi(Vj(k)) 
I 

= {SWj|(k,k+I). d,(k + l)}- fi(Uj(k)) 

[0 0 6 6] ^tcL. k^mCDi:^, 5R/.9ui(in) i!r[0 0 6 7] 
ftl l3&^e;i>:^tCJ:0^«>6n'5o TirJ^? [|&1 9] 

a V . ( m) 

d (m) = {v j(m)-C .}.— — ^— — 

= {Vj(m)-C.}- f ;(VjCm)) —(S^IS) 

C0068] ^1", S:l8. ^1 g^^Vi^t. J^-^ ♦UXAT^^. 
fOS^^ISlvu (k- 1. k) (D^SlETi^, k=in;0^'^k= [0 0 6 9] ^3--yh<DA\htim%^^?L^m^it^ 

m^xti^i^x. ^tiMt^^xtimoyji^^. m^oB. 40 [00 70] 

^<2:jSfra>:^fS]}cwi, (k. k- 1) xm?^^'Dnit,'^^t: [»2 0] 

^^")= l4-exp(-u + 9) •••(^20) 

[0 0 7 1] 18:2 0cfcO> ;^^-T?f#e»n^. * [I&2 1] 

[0 0 7 2] * 

fi (u)=f(u)[l-f(u)} -(©[2 1) 

[0073] 1^7. i&2ici:r). :-J:jJ:/?^^^;:^^n^. [i5c2 2] 

[0 0 7 4] 50 
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f a(u .(k))=v .(k){l- V .(k)} 
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CO 0 7 5] t^^. ^^^m^fi^\zm<^-M,^^^tc^ * [0 0 7 6] 

\z. ^17 \t.:^-^(D^ o trtSiE-r^ c tTi^T^S, * 2 3 ] 

AWj .(k - l.k)(r) = -e Vj(k-l)(r)-dj(k)(r) 

+ aAWi j(k- l,k)(T-l) 
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CO 0 7 7] 

^^l97^-i5^c^Aa:^cDm (Z. C) \z^\^X. ?<iiZ 
CO 0 7 8] ^'^^v'-^CDXihtKOmZ. C)\Z\t. 



10 ti^i^om^^iy'-i^^^mm'r^. m^^^. -^yz/^jy 

^(Dm^^l'T-i^ {(yit}, x(t)). (y(t-l), 
x(t-l)), , (y(t-M). x(t-M))} (M 
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CO 0 8 1] fS.^. ^^m^~^^\^X. ±TtS^<)MS 

[0 0 8 2] ^'^/^^p^-^|^MS^XT-A4ti, Wi->X 
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^o^mmn^wzxii^^^xti'^ikyii <Dm^n^^ co 1 17] 

C4=Cx,{ t )x,( t - 1) x,( t - Lg.)]'' -(§[39) 
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x,{t - I ) = Cx,,(t- I )x,2(t-l) x.^Ct-L^)]"" 

-(&4 0) 
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M 1 1 \z7^'rmmmtmm<D^<D^m^^^. z.<Dmmn 
I ^zxtir-^^xti^^o^m^^m^^y - \^ • y 
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^vXT-A2{i. ^1^'>X7^A2l^<D>^-<— H ■ :7:i-'7 
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—102— 



31 

CO 1 2 8] m9{z^'r^%m<Dmi^m\t. jh^-xxa 
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JV ' hU — ^'^^-^'^'^^CDX. d O^IvX^-A • 
^ — H • :7:^'7— F^^^(h^®5>X5='A(7):7^ — H • 

/'^y^mmj^^m^i^xmrnM^^mmr^cDx. mm 
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